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Left ventricular and left atrial dimensions and volumes:
comparison between dual-source CT and echocardiography
Abstract
OBJECTIVES: We sought to determine the agreement for the quantification of cardiac chamber
dimensions, volumes, and myocardial mass between dual-source computed tomography (DSCT) and
echocardiography. MATERIAL AND METHODS: One-hundred patients underwent DSCT and
transthoracal echocardiography within 1 week. Measurements of dimensions were obtained in
standardized planes in end-systole and end-diastole and included the anterior-posterior diameter of the
left atrium, septal and posterior wall thickness, and inner diameter of the left ventricle. Global left
ventricular (LV) functional parameters [end-systolic volume (ESV), end-diastolic volume (EDV),
ejection fraction, and LV myocardial mass (LVMM)] were computed using semiautomated software.
ESV, EDV, and LVMM were normalized to the body-surface-area (BSA). Intraobserver and
interobserver agreement of DSCT analysis was assessed. Correlation between DSCT and
echocardiography was tested through linear regression and Bland-Altman analysis. RESULTS: DSCT
measurements had an excellent inter- and intraobserver agreement with close limits of agreement (R =
0.85-0.99, P < 0.001). All measurements obtained with DSCT showed a significant correlation with
echocardiography, with close limits of agreement between modalities for all parameters. Significant
differences of the mean difference from zero were only found for septal and posterior wall thickness (P
< 0.001) (with a homogenous underestimation) and for EDV/BSA (P < 0.05) (showing an
overestimation) in DSCT compared with echocardiography. No significant directional measurement bias
was found for any parameter except for LVMM/BSA (R = 0.24, P < 0.05). CONCLUSION: Our results
indicate that DSCT provides reliable measurements of LV dimensions, volumes, and myocardial mass
with similar values as compared with echocardiography.
ORIGINAL ARTICLE
Left Ventricular and Left Atrial Dimensions and Volumes
Comparison Between Dual-Source CT and Echocardiography
Paul Stolzmann, MD,* Hans Scheffel, MD,* Pedro Trigo Trindade, MD,† Andre´ R. Plass, MD,‡
Lars Husmann, MD,* Sebastian Leschka, MD,* Michele Genoni, MD,‡ Borut Marincek, MD,*
Philipp A. Kaufmann, MD,† and Hatem Alkadhi, MD*
Objectives: We sought to determine the agreement for the quanti-
fication of cardiac chamber dimensions, volumes, and myocardial
mass between dual-source computed tomography (DSCT) and echo-
cardiography.
Material and Methods: One-hundred patients underwent DSCT
and transthoracal echocardiography within 1 week. Measurements
of dimensions were obtained in standardized planes in end-systole
and end-diastole and included the anterior-posterior diameter of the
left atrium, septal and posterior wall thickness, and inner diameter of
the left ventricle. Global left ventricular (LV) functional parameters
end-systolic volume (ESV), end-diastolic volume (EDV), ejection
fraction, and LV myocardial mass (LVMM) were computed using
semiautomated software. ESV, EDV, and LVMM were normalized
to the body-surface-area (BSA). Intraobserver and interobserver
agreement of DSCT analysis was assessed. Correlation between
DSCT and echocardiography was tested through linear regression
and Bland-Altman analysis.
Results: DSCT measurements had an excellent inter- and intraob-
server agreement with close limits of agreement (R  0.85–0.99,
P  0.001). All measurements obtained with DSCT showed a
significant correlation with echocardiography, with close limits of
agreement between modalities for all parameters. Significant differ-
ences of the mean difference from zero were only found for septal
and posterior wall thickness (P  0.001) (with a homogenous
underestimation) and for EDV/BSA (P  0.05) (showing an over-
estimation) in DSCT compared with echocardiography. No signifi-
cant directional measurement bias was found for any parameter
except for LVMM/BSA (R  0.24, P  0.05).
Conclusion: Our results indicate that DSCT provides reliable mea-
surements of LV dimensions, volumes, and myocardial mass with
similar values as compared with echocardiography.
Key Words: dual-source computed tomography,
echocardiography, cardiac, left ventricle, left atrium, dimension,
volume
(Invest Radiol 2008;43: 284–289)
The assessment of cardiac chamber dimensions, ventricularfunction, and myocardial mass represents an important
element for making the diagnosis and therapeutic decisions in
cardiac disease, and is of prognostic value in patients with
both ischemic and nonischemic cardiomyopathy.1,2 In daily
clinical routine, left atrial (LA) and left ventricular (LV) size
and volume are usually assessed with echocardiography.3
Multidetector row computed tomography (CT) coro-
nary angiography represents an emerging noninvasive tech-
nique that primarily is used for imaging the coronary artery
tree. Several studies have demonstrated the modality to en-
able the diagnosis of coronary artery disease with a high
accuracy.4–7 Image acquisition of CT coronary angiography
is performed with retrospective electrocardiography (ECG)-
gating that allows the reconstruction of datasets in any phase
of the cardiac cycle. Thus, accurate information about cardiac
chamber dimensions and volumes can be gained as a by-
product of each coronary CT angiography examination.
The recently introduced dual-source computed tomog-
raphy (DSCT) scanner is composed of 2 x-ray tubes and 2
corresponding detectors that are arranged in a perpendicular
manner on the rotating gantry.8 Regarding cardiac imaging
capabilities, this new scanner type offers a high and heart rate
independent temporal resolution of 83 milliseconds. Early
studies have shown that DSCT delivers high quality infor-
mation of coronary arteries, cardiac valves, and myocardium
independent of the heart rate.9–13 In addition, a recent phan-
tom study could demonstrate that DSCT allows the reliable
quantification of global ventricular function independent of
the heart rate.14
The purpose of this study was to compare in vivo the
quantification of LV and LA dimensions and volumes between
DSCT and the clinical reference standard echocardiography.
MATERIALS AND METHODS
Between November 2006 and February 2007, 100 con-
secutive patients (61 males, 39 females, mean age 63  15
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years, range 41–88 years) who were referred for a clinically
indicated CT coronary angiography examination were in-
cluded in this study. Reasons for referral were atypical chest
pain in combination with negative biomarkers and inconclu-
sive ECG in 63 patients and preoperative exclusion of coro-
nary artery disease (CAD) in 37 patients undergoing cardiac
valvular surgery. All 100 patients underwent a transthoracic
ECG examination within 7 days of CT as part of the routine
clinical work-up. Exclusion criteria were any changes in
cardioactive medication between CT and ECG, renal insuf-
ficiency (serum creatinine level 150 mol/L), and previous
allergic reaction to iodinated contrast media. The local ethical
committee approved the study, written informed consent for
the research procedures was obtained.
Dual-Source CT
CT was performed using a DSCT scanner (Somatom
Definition, Siemens Medical Solutions, Forchheim, Ger-
many). No additional beta-blockers were given for heart rate
control before the scan, 34 patients (34%) received beta-
blockers as part of their baseline medication. Scanning pa-
rameters were as follows: tube current-time product 350
mAs/rotation, tube voltage 120 kV, slice collimation 2 32
0.6 mm, slice acquisition 2  64  0.6 mm by means of a
z-flying focal spot, gantry rotation time 330 milliseconds,
pitch 0.2 to 0.5 (depending on the heart rate), reconstructed
slice thickness 0.75 mm (increment 0.5 mm), using a soft
tissue convolution kernel (B26f).
A two-phasic contrast media protocol was used that
was adjusted to the scan duration. The first phase consisted of
60 to 80 mL contrast media (Ultravist 370, Schering AG,
Germany), the second phase included the same amount as the
first phase with a dilution of 1:5 parts saline solution. Injec-
tion was performed through an antecubital vein via an 18-
gauge catheter with an injection rate of 5 mL/s. As soon as the
attenuation in the ascending aorta reached the predefined
threshold of 140 Hounsfield units, the san was initiated. Data
acquisition was performed in a cranial-caudal direction from
the tracheal bifurcation to the diaphragm. ECG-based tube
current modulation for radiation dose reduction was used in
all patients as previously recommended.15 The estimated
radiation dose using this protocol was 7 to 9 mSv.16
A monosegmental image reconstruction algorithm us-
ing data from both x-ray sources was used, resulting in a
constant temporal resolution of 83 milliseconds.8 ECG-gating
was used to synchronize the data with the ECG, and images
were reconstructed in increments of 5% steps throughout the
entire R-R interval (0%–95%). All data were postprocessed
on a second Wizard (Siemens Medical Solutions) equipped
with cardiac postprocessing software (Syngo Circulation,
Siemens Medical Solutions).
Data Analysis
Measurements were performed by 2 independent ob-
servers with 2 and 10 years of experience in cardiovascular
radiology. Multiplanar reformatted images (MPR) with a
slice thickness of 0.75 mm in end-diastole and end-systole
were used for cardiac measurements.
End-systolic and end-diastolic phases were visually
identified on MPR: End-systole was defined as the phase with
smallest LV volume; end-diastole was defined as the phase
with largest LV volume.
LV and LA Dimensions
All measurements were performed according to the inter-
national recommendations for chamber quantification in echo-
cardiography.3 End-systolic MPRs were used for measurements
of LA anterior-posterior diameter (LADsys) and end-systolic LV
inner diameter (LVIDsys). MPR in end-diastole were used for
septal (SWTdia) and posterior wall thickness (PWTdia), and
end-diastolic LV inner diameter (LVIDdia) measurements. MPR
were reformatted in planes corresponding to those typically used
in echocardiography3 as shown in Figure 1. For SWTdia and
PWTdia, a short-axis MPR of the LV at the level of the chordae
was used; for LADsys, an MPR corresponding to the parasternal
long-axis view was employed. LVIDsys and LVIDdia measure-
ments were obtained on a 4-chamber MPR view.
FIGURE 1. Multiplanar reformatted images (MPR) in planes corresponding to those used in ECG. A, MPR corresponding to the
parasternal long-axis view at end-systole used for the measurement of the anterior–posterior left atrial diameter (LADsys) (black
arrow). B, Short-axis MPR at end-diastole used for wall thickness measurements of the interventricular septum (SWTdia), (white
bracket) and posterior wall (PWTdia), (grey bracket). Note the same orientation of the plane for both measurements (dotted
line). C, Four-chamber MPR used for measurements of the left ventricular end-diastolic diameter (LVIDdia), (black arrow). The
same MPR orientation is used for end-systolic left ventricular diameter (LVIDsys) measurements (not shown).
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LV Volumes and Myocardial Mass
The axial source images (slice thickness of 0.75 mm)
were loaded into the above mentioned postprocessing soft-
ware. LV epicardial and endocardial contours were semiau-
tomatically detected in end-systolic and end-diastolic MPRs
and were manually corrected (if considered necessary). The
software automatically calculated LV volumetric parameters,
ie, end-systolic volume (ESV), end-diastolic volume (EDV),
ejection-fraction (EF), and LV myocardial mass (LVMM).
ESV, EDV and LVMM were normalized to the body surface
area (BSA).17
Interobserver and Intraobserver Variability of
CT Measurements
To test for interobserver reliability of CT measure-
ments, data from the first 20 patients were analyzed by the 2
readers. MPR planes for measurements were reformatted by
each reader separately. To test for intraobserver variability, 1
reader reanalyzed the same first 20 examinations after 1
month.
Echocardiography
Transthoracic echocardiography was performed with
patients in the left lateral decubitus position by using an iE33
(Philips Medical Systems, Eindhoven, Netherlands) or Accu-
son (Sequoia Siemens, Mountain View, CA, USA) system
equipped with a 3.5-MHz transducer. Standardized imaging
planes in the parasternal (long- and short-axis) and the apical
(2 and 4-chambers) views were used for quantifying chamber
dimensions, according to the guidelines for chamber quanti-
fication of the American Society of Echocardiography rec-
ommendations.3 All examinations included B- and M-mode
ECG combined with color Doppler. LV volumetric parame-
ters were calculated using the biplanar Simpson rule.3,18 LV
mass was calculated using the area-length formula.3 All
echocardiographic examinations were performed and ana-
lyzed by 1 observer with 15 years of experience who was
fully aware of the clinical history but who was blinded to
DSCT results.
Statistical Analysis
Numeric values are expressed as frequencies and means 
standard deviation (SD). The Wilcoxon signed rank test for
related samples was used to test for differences in heart rates
during CT and echocardiography. The degree of agreement
between the 2 methods was assessed according to the method
of Bland and Altman19 and determined as the mean differ-
ence (bias), SD of the differences, limits of agreement (bias
 2 SDs), and 95% confidence interval of the mean differ-
ence. A one-sample t test was used to determine whether the
resulting mean difference was significant from zero, repre-
senting a significant under- or overestimation with DSCT.
To analyze possible directions of bias, linear regression
analysis was used to ascertain a probable directional bias of
measurements. A P value of less than 0.05 was considered to
indicate statistical significance.
Bland-Altman analysis for intra- and interobserver vari-
ability was used to compare differences in observations with
the mean of observations.19 Pearson correlation coefficients
were also used to compare measurements obtained by the 2
observers. Data analysis was performed using commercially
available software (SPSS 12.0, Chicago, ILL, USA).
RESULTS
Mean time interval between CT and echocardiography
was 3.4  1.8 days (range 0–7 days). Mean heart rate during
CT scanning was 71  15 bpm (range 43–103 bpm), mean
heart rate during ECG was 75  16 bpm (range 47–120 bpm),
with no significant difference between modalities (P  n.s.).
Interobserver and Intraobserver Variability of
CT Measurements
Bland-Altman analysis for testing the degree of agree-
ment between the 2 readers revealed minimal mean differ-
ences, and all measurements were within close limits of
agreement for all parameters. Interobserver correlation coef-
ficients ranged from 0.85 to 0.98, and intraobserver correla-
tion coefficients ranged from 0.87 to 0.99. Because both
interobserver and intraobserver agreements were excellent,
the following 80 studies were analyzed by only 1 reader.
LV and LA Dimensions
A summary of data obtained with DSCT and echocar-
diography, and the results of the Bland-Altman analysis are
listed in Table 1. Significant differences of the mean differ-
ence from 0 were found for SWTdia, PWTdia, and relative
wall thickness (RWT) representing a homogenous underesti-
mation for each of these parameters with CT (P 0.001). No
significant differences were found for LVIDsys, LVIDdia, and
LADsys (P  n.s.). No significant directional measurement
bias was found when dimensional measurements obtained in
DSCT were compared with those obtained in echocardiogra-
phy (P  n.s.).
All dimensional measurements obtained with DSCT
significantly correlated with the data obtained with echocar-
diography (P  0.001). Linear regression coefficient R rang-
ing from 0.60 to 0.78 indicated a good correlation between
DSCT and echocardiography for SWTdia, PWTdia, LVIDsys,
LVIDdia, and LADsys. Scatter plots of LADsys and LVIDdia
measurements with CT and echocardiography are demon-
strated in Figure 2. The lowest degree of correlation was
found for RWT (R 0.56), the best correlation was found for
SWTdia (R  0.78) and LVIDdia (R  0.78).
LV Volume and Myocardial Mass
As compared with echocardiography, DSCT signifi-
cantly overestimated EDV/BSA (P  0.05). No significant
differences were found for ESV/BSA, EF and LVMM/BSA
(P  n.s.) between modalities (Table 1).
No significant directional measurement bias was ob-
served for ESV/BSA, EDV/BSA and EF (P  n.s.). LVMM/
BSA showed a directional measurement bias with a linear
regression coefficient of R  0.24 (P  0.05), indicating an
increasing overestimation at higher values.
All volumetric measurements obtained with DSCT sig-
nificantly correlated with the data obtained with echocardi-
ography (P  0.001). Linear regression coefficient R indicated
a good correlation for ESV/BSA (R  0.84, P  0.001),
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EDV/BSA (R  0.76, P  0.001) and LVMM/BSA (R 
0.84, P  0.001). Regarding EF, correlation was only mod-
erate (R  0.57, P  0.001) (Fig. 2).
DISCUSSION
The mainstay for cardiac CT examination represents
the assessment of coronary artery disease. With each cardiac
CT, in addition, important data about cardiac chamber size
and function, and myocardial mass are obtained. The accurate
analysis of these parameters represents an important element
for characterizing cardiac disease and for guiding therapeutic
decisions.1,2 Our study demonstrates that quantitative mea-
sures of left heart dimensions, volumes and function, and
myocardial mass obtained with DSCT closely correlate with
TABLE 1. LV and LA Parameters, Results From the Bland-Altman Analysis, and t Tests Between Dual-Source CT and TTE
CT
Mean  SD
TTE
Mean  SD
CT vs. TTE
t Test
PBias Limits of Agreement
Dimensional parameters
End-diastolic septal wall thickness, SWTdia (cm) 0.9  0.2 1.1  0.3 0.20 0.20 to 0.60 0.001
End-diastolic posterior wall thickness, PWTdia (cm) 0.9  0.2 1.0  0.2 0.10 0.18 to 0.38 0.001
End-systolic LV inner diameter, LVIDsys (cm) 3.1  0.9 3.1  0.9 0.05 0.55 to 1.45 n.s.
End-diastolic LV inner diameter, LVIDdia (cm) 5.0  0.8 5.0  0.8 0.02 1.14 to 1.10 n.s.
Relative wall thickness, RWT 0.36  0.09 0.40  0.09 0.05 0.13 to 0.23 0.001
End-systolic LA anterior posterior diameter, LADsys (cm) 4.2  0.8 4.1  0.7 0.03 1.17 to 1.11 n.s.
Volumetric parameters
End-systolic volume index, ESV/BSA (mL/m2) 22  11 22  12 1 9 to 11 n.s.
End-diastolic volume index, EDV/BSA (mL/m2) 56  17 53  17 3 29 to 23 0.05
Ejection fraction, EF (%) 61  13 59  13 2 26 to 22 n.s.
LV myocardial mass index, LVMM/BSA (g/m2) 119  30 115  38 4 42 to 34 n.s.
SD indicates standard deviation; LA, left atrium; LV, left ventricle; CT, computed tomography; TTE, transthoracic echocardiography; dia, end-diastolic; sys, end-systolic. No
significant directional measurement bias was found for all parameters except from LVMM/BSA (P  0.05).
FIGURE 2. Scatter plots and linear cor-
relation analysis between measure-
ments with CT and transthoracic echo-
cardiography (TTE). All volumetric
measurements obtained with DSCT sig-
nificantly correlated with the data ob-
tained with ECG at the P  0.001 level.
A good correlation was found for mea-
surements of the anterior–posterior left
atrial diameter (LADsys) (A), the left
ventricular end-diastolic diameter
(LVIDdia) (B), and for the left ventricular
myocardial mass index, (LVMM/BSA)
(C). Correlation was moderate for mea-
surements of the ejection fraction (D).
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measurements obtained with the clinical reference standard
echocardiography.
Temporal Resolution
Among the many factors that may affect the accuracy
of dimensional and volumetric cardiac measurements, the
main limitation of CT as compared with echocardiography is
the temporal resolution of the technique. In echocardiogra-
phy, temporal resolution depends on the distance between the
ultrasound probe and the structure of interest and is in the
range of 20 to 30 milliseconds.20 Former multi-detector row
CT technology with a temporal resolution of 125 to 250
milliseconds using a bi-segment reconstruction algorithm
showed a close correlation with magnetic resonance imaging
(MRI) having a temporal resolution of 32 milliseconds.21 But
due to the limited temporal resolution of former CT scanners,
measurements were shown to be of lower quality, especially
in patients with higher heart rates.21 Phantom experiments
with 8-detector row CT have demonstrated that a mono-
segment reconstruction algorithm was more appropriate than
a multisegment reconstruction algorithm for assessing global
LV function in terms of reducing motion artifacts.22 More
recently, Mahnken et al14 could show in a phantom experi-
ment that multisegmental image reconstruction provided no
benefit over bisegmental reconstructions for DSCT assess-
ment of global ventricular function. An important new aspect
regarding cardiac imaging with DSCT is that heart rate
control using beta-receptor antagonists is no longer re-
quired.11 The use of beta-blockers as premedication has been
shown to result in unreliable information about LV func-
tion,22 and their sole use for heart rate reduction for cardiac
CT could alter the results of the study.
LV and LA Dimensions
In our study, DSCT values of SWTdia, PWTdia, and
RWT were underestimated, whereas LVIDsys, LVIDdia, and
LADsys values were not significantly different from results at
echocardiography. Echocardiography as a two-dimensional
technique may not exactly find perpendicular axes and may
tend to over-measure cardiac dimensions. In addition, the
lack of similar temporal resolution between modalities may
lead to differences in the exact determination of the end-
systolic and end-diastolic phases.
A recent study in heart transplant recipients has re-
vealed a moderate agreement regarding chamber dimension
quantification of 64-slice CT as compared with echocardiog-
raphy, except for the LA diameter.23 In that study, the heart
rate was high and 18 of the 20 patients received beta-blockers
before CT.23 Using DSCT, we found a good correlation
regarding all parameters including LADsys between DSCT
and echocardiography.
Despite the above mentioned facts, our study data
suggest that, in addition to coronary angiography, dimen-
sional measurements of the LA and the LV can be performed
in DSCT as an adjunct to coronary angiography.
LV Volumes and Myocardial Mass
DSCT showed a moderate correlation for EF and a
good correlation for ESV/BSA, EDV/BSA, and LVMM/BSA
as compared with echocardiography. DSCT showed no sig-
nificant over- or underestimation of ESV/BSA, EDV/BSA,
and EF, whereas LVMM/BSA was slightly higher in DSCT
when compared with echocardiography. Previous single-
source multislice CT scanners demonstrated a moderate corre-
lation with echocardiography regarding the assessment of LV
function and mass.23 Those and our findings may reflect the
limited reproducibility often seen in comparisons between three-
dimensional and two-dimensional imaging methods.23,24 Previ-
ous reports suggest that two-dimensional echocardiography is a
poor modality especially in the assessment of LV volumes when
ventricular geometry is not uniform because formulas make
mathematical assumptions that are only possible in patients with
no major distortions of LV geometry.3,24,25 Three-dimensional
echocardiography may overcome these limitations and show
more accurate and reproducible LV measurements when com-
pared with MRI, whereas estimates by two-dimensional echo-
cardiography were significantly different.18,26
Nevertheless, in our study, Bland-Altman analysis only
showed a minimal directional bias for LVMM/BSA with
slightly increasing overestimation at higher values. Close
limits of agreement and minimal mean differences suggest
that DSCT-derived LV function and mass values can be used
as a reasonable estimate.
Inter- and Intraobserver Variability
Our results revealed a good to excellent repeatability
among dimensional DSCT measurements. Measurements re-
liability was high, irrespective of whether diastolic or systolic
parameters were assessed. This is an important issue, because
systolic data are associated with higher image noise due to
reduced tube current while applying ECG-pulsing. Also,
volume measurements showed to have a low variability that
indicates the use of semiautomatic postprocessing software to
be accurate and reliable in the determination of LV borders.
Study Limitations
As mentioned above, CT as a three-dimensional tech-
nique was compared with a two-dimensional technique; and
a study comparing CT and MRI would be more appropriate.
On the other hand, the most frequently applied technique in
the clinical setting is two-dimensional echocardiography.3
Another limitation is that most patients did not have both
examinations on the same day, and hemodynamic changes
may have occurred. However, patients were clinically stable
and had no changes in their medication. Finally, we did not
assess the interobserver and intraobserver variability of the
echocardiographic results.
CONCLUSIONS
This study has revealed a good agreement regarding
quantitative assessment of LV and LA dimensions, LV vol-
umes, and LV myocardial mass between DSCT and the
clinically most often used modality echocardiography.
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